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NOTES ON THE IDENTIFICATION OF THE 
CH^ETOGNATHA. 

E. LE ROY MICHAEL. 

Introductory Remarks. 

It is the testimony of all, who have attempted the identifica- 
tion of the Chsetognatha, that, for so small a group, they offer 
an immense amount of difficulty. The several species are very 
similar in appearance so that one is compelled to seek among 
details of structure for valid taxonomic characters. There is, 
moreover, considerable variation in most of the characters ; some 
of the valuable diagnostic features are readily destroyed even 
with the best possible preservation, and the methods of micro- 
scopical technique, usually so efficient, fail, for the most part, 
with the Chaetognatha. It is not surprising then, that, without 
most careful examination, it becomes easy to base identifications 
on abnormalities or upon too variable characters. This has been 
repeatedly done by the earlier investigators with the result that 
the various species have become so entangled in the literature 
that, for anyone not a specialist on the group, identification is 
well nigh an impossible task. To meet this need for an ade- 
quate and ready means of identification the keys and tables herein 
presented have been prepared. 

Except in the papers of Fowler ('05, '06), Hertwig ('80), and 
Krumbach ('03) identification has been based upon characters 
having little or no taxonomic value. Hertwig's investigations are 
clear and to the point but, unfortunately, only a few species came 
under his observations. Krumbach has accurately made a detailed 
study of the seizing jaws and has developed a classification based 
upon the minute anatomy of these structures. It is an exceed- 
ingly valuable contribution for, in many cases of poor preserva- 
tion, these hard structures offer the only means of identification. 
There is, however, one difficulty with the Krumbach system : it 
requires so minute an examination that it is only after one has 
worked at it for some time that he is able to see the distinctive 
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features with certainty. Fowler's papers, accurate and careful 
in most details, offer, by far, the best aid to the systematist. The 
characters used are carefully chosen and tested by an examina- 
tion of a large series of individuals of each species. Anyone 
attempting to work on this group will find both the Biscayan and 
Siboga Reports of this investigator invaluable. 

In the genus Sagitta I have adopted the synonymy of Fowler 
('06), who recognizes eighteen valid species, as shown in the 
table at the close of this paper. In addition there are several 
doubtful species : Sagitta hispida Conant, S. tenuis Conant, .S. 
maxima Conant, 5. bedfordi Doncaster, 5. septata Doncaster, 5. 
elegans Verrill, and 5. arctica Aurivillus. Descriptions of these 
species have been so incomplete and drawings so few that, upon 
the available data, it is impossible to determine their validity. S. 
arctica is very possibly a synonym for 6'. elegans but, until the 
original specimens can be redescribed, it is best to leave them in 
the category of doubtful species. Of all the doubtful species 
Verrill's 5. elegans appears to be the most valid, but so little is 
defined in the description that it will not be included in this paper. 

Of the eighteen species only a few have, as yet, been found in 
American waters. Sagitta hexaptera, S. enflata, and the doubt- 
ful species .S. elegans, S. tenuis, S. maxima, and S. hispida have 
been recorded from the Atlantic Coast, by Conant ('95, '96), Ver- 
rill ('83), and Stevens ('05). The genus Spadella is represented 
by two species, Spadella draco, and the doubtful .S. schizoptera 
Conant. Krohnia is represented by the single species Krohnia 
hamata. The collections of the University of California from the 
San Diego region of the Pacific Coast, examined by me, contain 
the following species of Sagitta : Sagitta serratodentata, S. zetesios, 
S. enflata, S. hexaptera, S. bipunctata, S. furcata, S. neglecta, S. 
decipiens, and S. pulchra. Spadella is represented by the single 
species Spadella draco, only one individual having been taken. 
Krohnia has not, as yet, been recorded. 

Most of the material, which I have examined, consists of a 
large number of specimens obtained from the coast of Southern 
California by the explorations of the San Diego Marine Biological 
Laboratory, and from the collections made by the "Albatross" 
in the explorations of the United States Bureau of Fisheries on 
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the coast of California in 1904. The method has been to sepa- 
rate the material into three assortments, according as the preser- 
vation was excellent, fair, or poor. A large series from each 
assortment was examined in an attempt to isolate the taxonomic 
characters, and the results from each individual specimen tabu- 
lated. Proceeding on this basis I am in a position to utilize, in 
all essentials, the characters Fowler ('05, '06) has chosen. In 
the ensuing pages frequent use will be made of his reports. 

Methods of Preservation. 
Killing has been tried with various combinations of acids, 
alcohol, and formalin, but, of all reagents, weak formalin gives, 
by far, the best results. Other reagents cause unequal con- 
tractions, swellings, and gross distortions, thereby ruining the 
material. Fowler ('05) advises killing separately in weak for- 
malin then, after a short time, transferring them, for permanent 
preservation, into from 5 to 10 per cent. On the whole this 
method gives excellent results but I have found, in some cases, 
that considerable curling results. Specimens in this condition 
are difficult to handle and measurements are rendered more or 
less inaccurate. The following method will overcome this curl- 
ing and otherwise give most perfect results : Each Sagitta is 
placed separately on a dry slide or cover-glass and allowed to 
remain exposed to the air for several seconds. This causes the 
animal to stick slightly to the slide. Then hold the slide in a 
vertical position and apply formalin (5 to 10 per cent.) at the 
upper end, allowing it to wash over the animal which will be 
killed before it has time to loosen itself from the slide. Another 
method of adding formalin, drop by drop, to a jar of Sagitta has 
given excellent results, but, if the formalin is added too fast, the 
results are uneven, owing to variability in the activity of the indi- 
viduals, some contracting violently to a very weak solution while 
others are apparently unaffected by it. The three methods herein 
stated are all good ; the second takes the most time but produces 
the surest results. 

Method of Measurement. 
Fowler ('05) advises camera drawings as measurements other- 
wise taken are frequently erroneous, in many cases not tallying 
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with the drawings at all. For the general features of the body 
the camera is necessary, but some measurements are so difficult 
to discern that one is never quite sure he is tracing correctly. I 
have found it extremely difficult, in such species as Sagitta en- 
flata, to see the cephalic limits of the anterior fin, and have never 
been able to trace the outline with certainty. I find that an 
ocular micrometer gives more certain results, with such meas- 
urements, than the camera. 

Characters Used in Classification. 

The internal organs of Sagitta consist of the digestive, repro- 
ductive, and nervous systems. The first includes a simple 
straight tube leading from the mouth to the anus and offers no 
definable diagnostic characters ; the two lateral diverticula, used 
by several writers, would seem to be not real diverticula, but 
rather results of extreme contraction of the head at death. 
The size and shape of the vesiculae seminales depend entirely 
upon the sexual condition of the animal at the time of capture. 
The extension of the ovaries varies in the different species but, 
as they are the last organs to develop, one may find an other- 
wise mature Sagitta with ovaries of any length up to the specific 
maximum. The shape of the ovaries, whether long and slender, 
or short and thick, possibly has some significance, but as the 
length depends largely upon the extent of growth, and the width 
largely upon the maturity of the ova, too much weight cannot 
be placed upon these characters. The ova might possibly offer 
excellent characters for diagnosis, but with our present knowl- 
edge, one can never be sure whether they are mature or not. 
The nervous system, if well worked out for every species, might 
offer excellent characters, but except for two or three species the 
nervous system has not been investigated. Should the most ex- 
cellent characters be offered here, their adoption as a means of 
ready identification would be inconvenient, owing to the technical 
methods and delicate work required to bring out the points. We 
are, therefore, compelled to look to the external characters as 
our only means of accurate identification. 

Even among the external features a few characters have been 
used in the past, which appear to be worthless for specific deter- 
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ruination. The comparative size of the head would seem to be 
due to the extent to which contraction occurs at death ; if the 
contraction be slight the head appears larger, if great it appears 
smaller. This also applies to a less extent to the presence or 
not of a neck but, allowing for the variation thus produced, it 
may have some taxonomic significance. Again, the presence or 
absence of color seems to vary with the individual rather than 
with the species. Fowler ('05) has obtained, in the same haul, 
individuals of the same species, some a salmon pink, and others 
without color. The shape of the fins, whether triangular or half 
elliptical, would be an excellent character were the fins not so 
frequently damaged. Fowler ('05) has obtained specimens with 
a triangular fin on one side which had been rubbed into an 
ellipse on the other. One is often still less certain, from evidence 
derived from preserved material, whether the tail fin is truncate or 
rounded in nature. 

The structural features then, which are available for diagnosis, 
consist of the cephalic armature, musculature, lateral fields, 
corona ciliata, and proportional measurements of various regions 
of the body. The table, at the close of this paper, includes all 
valid toxonomic characters, a discussion of which follows. 

Prior to Krumbach's ('03) paper on " Die Greifhaken der 
Chaetognathen " practically the only use made, in classification, 
of the seizing jaws consisted of their enumeration and, even so, 
the tendency has been to describe the species on a basis of one 
or two individuals so that not enough latitude has been left for 
variation within the species. The number of seizing jaws is a 
very important matter and should be tabulated, together with 
the number of teeth and length of specimen, for a considerable 
number of individuals. When the number of seizing jaws is 
combined with their anatomical characters, as elaborated by 
Krumbach ('03), they present excellent criteria for identification, 
and, in many cases, where preservation is poor, practically the 
only safe criteria. Krumbach ('03) has defined the differences 
among the various species in the form and curvature of the 
seizing jaws, the presence and extent of a crest along the shaft, 
presence and nature of serrations, curvature and shape of the 
points, extent to which the point is inserted into the shaft, extent 
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of the pulp into the point, and the pattern of the pulp. Unfortu- 
nately all known species were not studied by Krumbach. His 
method should certainly be extended to the remaining species. 
His classification is here briefly summarized. 

The nine species of Chaetognatha studied by Krumbach ('03) 
were Sagitta bipunctata, S. enflata, S. hexaptera, S. furcata, S. 
serratodentata, S. minima, Spadella draco, Krohnia hamata, and 
Sagitta magna, the latter, according to Krumbach ('03), and 
Fowler ('06), probably being a variety of 5". hexaptera. These 
several species Krumbach divides into four groups as follows : 




Group i (Figs. 1 and 2). 
Point pt with an oval base b : strongly needle-shaped. Pulp / 
extends along the central axis of the shaft. Upper third of shaft 

strongly bent. This group includes 
-pt. two species, Sagitta bipunctata, and 
Spadella draco. 

Sagitta bipunctata (1). 
Point // imbedded one third its 
height into the shaft sh. Shaft with 
fine longitudinal furrows on the sur- 
faces between the back bk and the 
edge eg. 

Spadella draco (2). 

Flat broad edged crest cr on edge of shaft. Point pt inserted 
one fourth to one fifth its height into shaft. Old jaws have ser- 
rations on the lower end of the shaft, which dwindle in size as 
they approach the point, disappearing entirely while still some 
distance from the point. 

Group 2 (Figs. 3, 4 and 5). 
Point pt with an oval base b. Back of point bk.pl has greater 
curvature than the back of the shaft bk ; edge of point eg.pt and 
edge of shaft eg have the same curvature so that the junction of 
the back and edge of the point at the apex lies toward the edge. 
Pulp p runs slightly nearer the back of the shaft bk. Shaft evenly 
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and slightly curved. This group includes Sagitta enfiata and 5. 
furcata. 

Sagitta furcata (3 and 4). 

Base of point b and top of shaft / converge as they approach 
the back of the shaft bk. Cross-section of the shaft is a slender 
wedge-shape. Pulp p is displaced toward the back of the shaft 





bk. Pulp p is concentrated around a canal can, which is of a 
cucumber form and extends to the upper third of the shaft. Old 
jaws with a small crest. 

Sagitta enflata (5). 
Base of point b and top of shaft t converge as they approach 
the edge of the shaft eg. Edge of point eg.pt near the base b is 
notched n. Cross-section of 
the shaft more of an oval 
than in S. furcata. Canal ir- 
regularly distributed through 
the pulp. 

Group 3 (Figs. 6 and 7). 

Point pt with a broad oval 
base b. Pulp p slightly 
toward back of the shaft bk. 
Base of point b makes a right 

angle with the back of the shaft bk. Angle between base of 
point b and edge of shaft eg is acute. Shaft below point with a 
short massive crest cr. Edge of crest extends proximally on a 
line with the edge of the point for some distance and then makes 
an abrupt turn toward the shaft. Shaft evenly and strongly 
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curved. This group includes Sagitta hexaptera (6) and 5". magna 
(7). The latter is, as previously mentioned, now regarded as a 
variety of 5. hexaptera. The only difference is that the jaws of 
5. magna are finer, more slender, and delicate than in an indi- 
vidual of 6". hexaptera of the same size. The pulp reaches higher 
toward the apex of the point than in 5. hexaptera. 

Group 4 (Figs. 8, 9 and 10). 
Point // sickle-shaped, bent toward the edge of the shaft eg, 
varying in curvature between the two extremes indicated. Base 
more or less oval. Pulp p enters the shaft between the center 





10 

and the back focus of the cross-section. Pulp reaches nearly to the 
knee of the point, but never makes the bend. Shaft only slightly 
curved. This group includes Sagitta minima, S. serratodentata 
and Krohnia hamata. 

Sagitta minima (8). 

Jaws slender and long with slender points only slightly set 
into the shaft. Cross-section of shaft wedge-shaped. Pulp / 
is swollen sw slightly below the point. Tip of point pt bent 
much more than the rest of the jaw. Old jaws have a small 
delicate crest. 

Sagitta serratodentata (9). 

Pronounced serrations ser on the shaft. The first tooth of the 
serration is the smallest, extending from the top of the shaft t 
half-way to the basal line of the point b. Proceeding proximally 
the teeth increase in size. Cross-section of the shaft is an 
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elongated wedge. Old jaws are supplied with a pronounced 
crest. 

Krohnia hamata (10). 

Jaws heavy with broad oval cross-section. Pulp/ only scantily 
fills the center of the canal can. Pulp swollen sw as in .S. minima. 
Base of point b and top of shaft t converge toward the edge of 
the shaft eg. 

Taken in connection with the seizing jaws the teeth afford an 
excellent means of identification. Their arrangement into two 
pairs of rows distinguishes Spadella and Sagiita from Krohnia, 
which has but one. Within the genus Sagitta a glance at the 
table at the close of this paper will indicate the importance of 
mere number. It is advisable that the limits of variation for 
every length of individual be accurately known. Were this ac- 
complished, by combining the number of anterior and posterior 
teeth with the length of individual, a criterion of identification 
would result of much value to the systematist. 

The form and arrangement of the teeth, if properly recorded, 
will considerably assist in identification. Some teeth are slender, 
some broad, so that proportional measurements of width and 
length are desirable; the length of tooth should also be com- 
pared to the length of individual so as to define exactly what is 
meant by saying that the posterior teeth of Sagitta hexaptera are 
long and slender, while those of 5. ferox are long and broad. 
In any group like the Chaetognatha, where, at best, identification 
is difficult, we should endeavor to rid ourselves of characters 
based upon mere comparisons. All such characters may, at the 
expense of a little labor, be reduced to exact or proportional 
measurements. If one merely says that the posterior teeth of 
Sagitta siboga " are long, broader, and with narrower bases than 
in bedoti" anyone attempting to identify a 5. siboga would won- 
der whether the teeth were absolutely broader, broader in pro- 
portion to the length of tooth, or broader in proportion to the 
length of individual. 

The inclination of the teeth, whether upright, externally or 
internally oblique ; the proximity of setting, whether close or 
distant, are of some importance. Fowler ('05, '0.6) has used 
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some of these characters but, as yet, they are in a comparative 
form lacking in that element of exactness and definition so neces- 
sary for accurate classification by one unfamiliar with the group. 

Another important character is present in the vestibular ridge. 
The presence of high or low, numerous or few, blunt or acute 
papillae are matters that need more attention in the future. The 
position and height of the papilla should be compared to the 
position and height of the tooth, and similarly their number 
should be compared to the number of teeth. Comparison of the 
extent of the ridge with that of the tooth row proves of some 
importance ; whether it is longer or shorter than the tooth row, 
and if shorter how many teeth project beyond ; whether it ter- 
minates abruptly or gradually, in a lateral process or not. 

The fins offer good characters if the specimen is well preserved. 
The presence or absence of a second pair of lateral fins serves to 
distinguish between Sagitta and the other two genera. Relation 
of the anterior to the posterior fins in length and breadth has 
been found to be a useful character. In Sagitta hexaptera, S. 
macrocephala, S. neglecta, S. bipunctata, S. robusta, S. serratoden- 
tata, and 5. planctonis the posterior fin is longer then the anterior 
fin ; in Sagitta ferox, S. pulchra, S. zetesios, S. whartoni, and 5. 
siboga the posterior fin is shorter ; in Sagitta bedoti, S. enflata, S. 
regularis, S. furcata, and 5. decipiens both fins are the same 
length. Here again, it is necessary to know how much variation 
to allow for those in the third group, and to accurately determine 
this requires measurements of a large series of individuals of each 
species. 

The distance from the anterior to the posterior fin, as measured 
in per cent, of the total length of the individual, may be made of 
considerable service. From the table we see that, in Sagitta 
bedoti, this distance measures but 5.4 per cent., the least I have 
found, except in the case of Sagitta whartoni where the fins are 
confluent, while S. siboga measures approximately 1 5 per cent. 
The other species are distributed between these extremes. While 
the measurements are not extensive enough to be of much value, 
still we can separate the species into two groups ; those in which 
this interval is more than eight per cent, and those in which it is 
less than eight per cent. In making this separation we still 
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allow sufficient variation to feel quite safe, except in the case of 
Sagitta bipunctata (7.9 per cent.) and possibly 5". serratodentata 
and 5. macrocephala (7.5 per cent.). 

The limits of the anterior fin as tested by the ventral gang- 
lion, and the position of greatest width are of some value to the 
systematist, in individuals well preserved. In Sagitta ferox, S. 
neglecta, S. pulchra, S. whartoni, S. serratodentata, S. siboga, S. 
zetesios, and 5. planctonis the fin extends to the ganglion ; in 
Sagitta enflata, S. hexaptera, and .S. bipunctata the fin is remote 
from the ganglion. The remaining species occupy various points 
between these two extremes. Until the extent of this variation 
is better known, for each species, separation cannot be rendered 
any more definite, by this criterion. 

The posterior fin is more instructive. The position of greatest 
width, as tested by the tail septum ; the proportion of posterior 
fin in front of the septum ; the proximity of the fin to the vesic- 
ulse seminales, are all serviceable characters. The table shows 
the grouping of the species in this matter. 

The corona ciliata has been considerably used in the past. 
Length and width in proportion to the total length, shape and 
location, how much on head, how much on body, — these form 
the important features. The great difficulty in using this char- 
acter lies in the fact that it is very rarely present in preserved 
material. With living material the corona might have consider- 
able significance, but with formalin material nearly all specimens 
have apparently lost the structure. 

The collarette and lateral fields are of some utility. The col- 
larette or neck fin is an expansion of the ectoderm in the re- 
gion of the neck and appears as a constant specific character. 
Some species are always provided with it as Sagitta siboga, S. 
ferox, S. neglecta, S. regularis, S. pulchra, S. robusta, S. zetesios, 
and S. decipiens. It is absent in the remaining species. The 
lateral fields are those areas between the muscles so that, in gen- 
eral, the presence of large lateral fields is co-existent with weak 
muscles. Species in this category are very often flabby and 
transparent in formalin. Formalin acts upon the muscles caus- 
ing opacity and firmness so that the species with strong longi- 
tudinal muscles are readily separated from those with weak mus- 
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cles. The table indicates the distribution of these characters 
among the species. 

Finally the general shape of the animal is of prime impor- 
tance. Length, breadth, proportional length of tail, extent or 
absence of a constriction at the tail septum, are all points to be 
noted. In some species the body tapers gradually from head to 
tail, in others a sudden diminution occurs at the tail septum ; 
some are of the same width throughout the entire trunk, others 
are much wider in the middle of the trunk tapering toward head 
and tail. Matters of this kind, while extremely useful, are diffi- 
cult of diagnostic description so that camera drawings present 
the most accurate means of exhibiting these relations. 

Key to the Genera of Ch^etognatha. 

1. Two pairs of lateral fins. Two pairs of rows of teeth. Only slight epidermal 

thickening on body Sagitta. 

2. One pair of lateral fins, partly on body and tail. One pair of rows of teeth. 

Body longer than tail. Noepidermal thickening behind the head Krohnia. 

3. One pair of lateral fins, entirely upon the tail segment. Two pairs of rows of 

teeth. Prominent thickening of epidermis extending from behind head to tail. 

Spadella. 

Key for the Determination of the Species of Sagitta to be Used for 
Living or Perfectly Preserved Material. 
1. Species with collarette 12. 

1. Species without collarette 2. 

2. Shaft of seizing jaw serrated Sagitta serratodentata. 

2. Shaft of seizing jaw not serrated 3. 

3. Irregular transverse septa present on trunk Sagitta minima. 

3. Irregular transverse septa absent on trunk 4. 

4. Posterior teeth 12 to 32 in number 5. 

4. Posterior teeth I to 12 in number. 8. 

5. At least 50 per cent, of the posterior fin in front of the septum 6. 

5. Less than 50 per cent, of posterior fin in front of septum Sagitta bedoti. 

6. Tail 28 to 40 per cent, of total length ...Sagitta macrocephala 

6. Tail 16 to 25 per cent, of total length 7. 

7. Middle third of body of equal width Sagitta bipunctata. 

7. Body much wider at middle of the length Sagitta enflata. 

8. Length of anterior fin from 44 to 66 per cent, of total length, confluent with the 

posterior fin Sagitta whartoni. 

8. Length of anterior fin less than 40 per cent, of total length, always an interval 

between anterior and posterior fins 9. 

9. Anterior fin on a level with ventral ganglion Sagitta furcata. 

9. Anterior fin remote from ventral ganglion 10. 

10. Posterior teeth less than 8 in number Sagitta hexaptera. 
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10. Posterior teeth more than 8 in number II. 

11. Middle third of body of equal width Sagitta bipunctata. 

11. Body much wider at middle of length Sagitta enflata. 

12. Irregular transverse septa present on trunk Sagitta minima. 

12. Irregular transverse septa absent on trunk 13. 

13. At least 50 per cent, of posterior fin in front of septum 14. 

13. Less than 50 per cent, of posterior fin in front of septum 18. 

14. Posterior fin widest in front of septum Sagitta zetesios . 

14. Posterior fin widest at or behind septum 15. 

15. Posterior fin shorter than anterior fin 16. 

15. Posterior fin as long or longer than anterior fin 17. 

16. Posterior teeth 9 to 15 in number Sagitta pulchra. 

16. Posterior teeth 15 to 23 in number Sagitta siboga. 

17. Anterior fin reaching to middle of ventral ganglion Sagitta planctonis. 

17. Anterior fin not reaching to ventral ganglion Sagitta dtcipiens. 

18. Posterior fin shorter than anterior fin Sagitta ferox. 

18. Posterior fin as long or longer than anterior fin 19. 

19. Corona ciliata extends anteriorly beyond eyes Sagitta robusta. 

19. Corona ciliata not extending to eyes 20. 

20. Middle third of body of equal width Sagitta neglecta. 

20. Body of equal width from the ventral ganglion to the seminal vesicles. 

Sagitta regularis. 

If (19) the corona ciliata is absent the following criteria may- 
be used : 

19. Middle third of body equally wide Sagitta neglecta. 

19. Body equally wide from ventral ganglion to the seminal vesic\es.,Sagitta regularis. 

19. Body equally wide from just behind the neck to immediately in front of the tail 

septum Sagitta robusta. 

Key for Determination of the Species of Sagitta to be used for 

Poorly Preserved Material. 

I. Species with collarette 12. 

1. Species without collarette 2. 

2. Shaft of seizing jaws serrated Sagitta serratodentala. 

2. Shaft of seizing jaws not serrated 3. 

3. Irregular transverse septa present on trunk Sagitta minima. 

3. Irregular transverse septa absent 4. 

4. Length of anterior fin from 44 to 66 per cent, of the total length, anterior fin and 

posterior fins confluent Sagitta whartoni. 

4. Length of anterior fins never as much as 40 per cent, of total length, always an 

interval between anterior and posterior fin 5. 

5. Tail 16 to 27 per cent, of the total length 6. 

5. Tail 28 to 35 per cent, of total length 7. 

6. Posterior teeth less than 8 in number 8. 

6. Posterior teeth more than 8 in number 9. 

7. Jaws more than 8 in number Sagitta macrocephala. 

7. Jaws less than 8 in number Sagitta bedoti. 

8. Anterior teeth 1 to 4 in number Sagitta hexaplera. 
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8. Anterior teeth more than4 in number Sagiita furcata. 

g. Body firm and opaque ; tail slender Sagitta bipunctata. 

9. Body transparent in formalin 10. 

10. Body flabby and easily compressed. Sagitta furcata. 

10. Body firm II. 

11. Neck very marked Sagitta enflata. 

11. Neck almost missing Sagitta bedoti. 

12. Irregular transverse septa present on trunk Sagitta minima. 

12. Irregular transverse septa absent 13. 

13. Neck well marked 14. 

13. Without neck 18. 

14. Jaws more than 8 in number 15. 

14. Jaws less than 8 in number 16. 

15. Collarette extends to anterior fin Sagitta zetesios. 

15. Collarette never extends over half the distance to the anterior fins. 

Sagitta planctonis. 

16. Body thickest in the middle third Sagitta siboga. 

16. Body of uniform thickness from ventral ganglion to tail 17. 

17. Collarette extends to anterior fins Sagitta ferox. 

17. Collarette never extends over half the distance to the anterior fins. 

Sagitta robust a. 

18. Posterior teeth less than 7 in number Sagitta regularis . 

18. Posterior teeth more than 7 in number 19. 

19. Body opaque , 20. 

19. Body transparent 21. 

20. Body equally thick from just behind neck to the tail septum Sagitta robusta. 

20. Body thicker in the middle third, gradually tapering toward head and tail. 

Sagitta neglecta. 

21. Body width about 10 per cent, of total length, tail less than 27 per cent, of total 

length Sagitta pulchra. 

21. Body width about 5 percent, of total length, tail more than 27 per cent, of total 
length Sagitta decipiens. 

Key for the Determination of the Species of Krohnia. 

I . Lateral fin extends from the region of the ventral ganglion to somewhat behind the 
tail septum ; never reaches to seminal vesicles ; more than 60 per cent, in 
front of tail septum Krohnia hamata. 

1. Cephalic limit of lateral fin never more than half the distance from the tail sep- 

tum to the ventral ganglion ; extends caudally to the seminal vesicles ; more 
than 40 per cant, of fin behind septum 2. 

2. Body width about 4 per cent, of total length. Tail 30 to 40 per cent, of total 

length. Seizing jaws evenly curved, 6 to 9 in number. Teeth 9 to 13. 

Krohnia subtilis. 

2. Body width about 5 per cent, of total length. Tail 25 to 41 per cent, of total 

length (usually not over 33 per cent. ). Teeth 1 1 to 15. Seizing jaws 6 to 9, 

with the convex edge made up of two curves, the junction of which makes an 

obtuse angle at a point about one fourth the length of the jaw proximad of the tip. 

Krohnia pacifica. 
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Key for the Determination of the Species of Spadella. 

1. Average width of collarette nearly half that of the body, widest slightly anterior 

to the tail septum. Length of fin always less than 5 times its width. An- 
terior teeth 7 to 10. Posterior teeth II to 16 Spadella draco. 

2. Average width of collarette much less than half that of the body ; widest slightly 

posterior to the head. Length of fin always more than 5 times its width. An 
terior teeth 3 to 5. Posterior teeth 3 to 4 Spadella cephaloptera. 

Description of Table. 

The data for this table have been gathered from various 
sources, but mostly from the investigations of Fowler ('05, '06) 
and Krumbach ('03). In proportional measurements, number of 
seizing jaws, and number of teeth, the extremes of variation have 
been indicated wherever possible. 

In the case of Sagitta whartoni the data have been obtained 
from Fowler's " Contributions to our Knowledge of the Plankton 
of the Faroe Channel," 1896. In this instance a considerable 
discrepancy, due in all probability to a typographical, error, is 
found in comparing the drawing with the descriptive measurements. 
From Fowler's description the width of the anterior fin varies 
from 10 to 15 per cent, of the total length ; from his drawing it 
measures but 2.8 per cent, of the total length. Similarly, in the 
width of the posterior fin, his measurements show variation from 
13 to 21 per cent, of the total length, while his drawing shows it 
but 5.7 per cent. In no other species has the width of the ante- 
rior fin been over 6 per cent, of the total length, nor the width 
of the posterior fin over 7 per cent. For this reason I have 
utilized the fin measurements as taken from the drawing rather 
than from the description of Sagitta whartoni. 

I desire to express my obligations to Dr. C. A. Kofoid, 
through whose direction, advice, and criticism I have received in- 
valuable aid. 

Zoological Laboratory, 

University of California, 
Berkeley, April 27, 1908. 
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Explanation of Plate. 

Fig. I. Sagitta hexaptera X 2. ant.t., anterior teeth; posl.t., posterior teeth; 
s.j., seizing jaws; al.can., alimentary canal ; vent.gang., ventral ganglion; ant./., 
anterior fin ; post./., posterior fin ; t.s., tail septum ; /., tail ; t./., tail fin. 

Fig. 2. Sagitta ncglectay^z. col., collarette; vent.gang., ventral ganglion; 
ant./, anterior fin ; post.f., posterior fin ; t.s., tail septum ; t., tail ; sem.ves., seminal 
vesicles ; /./ , tail fin. 

Fig. 3. Sagitta robusta y( 13. ( After Fowler. ) e., eye; cor.cil., corona ciliata ; 
col. , collarette ; vent.gang. , ventral ganglion. 

Fig. 4. Sagitta regularise 22. (After Fowler.) e., eye; cor.cil., corona 
ciliata; col., collarette; vent.gang., ventral ganglion. 

Fig. 5. X 346. Vestibular ridge and posterior teeth of Sagitta neglecta. 

Fig. 6. Typical seizing jaw. (After Krumbach.) pt., point; ap.p., apical 
pulp; out. mem., outer membrane ; cr., crest ; bk., back of shaft; eg., edge of shaft ; 
/., pulp; p. can., pulp canal; vent. col., ventral column; dor. col., dorsal column; 
mus.at., muscle attachment; b.p., basal pulp. 

Fig. 7. Spadella draco X 8. col., collarette; vent.gang., ventral ganglion; 
t.s., tail septum; lat./., lateral fin; I., tail; t./, tail fin. 

Fig. 8. Krohnia hamatay^^. ( After Fowler. ) vent.gang. , ventral ganglion ; 
lat./, lateral fin ; t.s., tail septum; I., tail ; /./., tail fin. 
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